Abstract--Total ionizing dose and displacement damage testing were performed to characterize and determine the suitability of candidate electronics for NASA space utilization. Devices tested include optoelectronics, digital, analog, linear bipolar devices, and hybrid devices.
I. INTRODUCTION
Long term radiation-induced failure modes play a significant role in determining space system reliability. In order to determine risk to spaceflight applications, the effects of total ionizing dose (TID) and displacement damage dose (DDD) need to be evaluated through ground-based testing.
The test results presented here were gathered to establish the sensitivity of candidate spacecraft electronics to TID and/or DDD. Proton-induced degradation, dominant for most NASA missions, is a mix of ionizing (TID) and non-ionizing damage. The non-ionizing damage is commonly referred to as displacement damage. For similar results on single event effects (SEE), a companion paper has also been submitted to the 2018 IEEE NSREC Radiation Effects Data Workshop entitled: "NASA Goddard Space Flight Center's Compendium of Recent Single Event Effects Results," by M. O'Bryan, et al. [1] 
II. TEST TECHNIQUES AND SETUP

A. Test Method
Unless otherwise noted, all tests were performed at room temperature and with nominal power supply voltages. Based on the application, samples were tested in a biased or unbiased configuration. Functionality and parametric changes were measured either continually during irradiation (in-situ) or after step irradiations (for example: every 10 krad(Si), or every 1x10 IV. TEST RESULTS AND DISCUSSION As in our past workshop compendia of GSFC test results, each device under test has a detailed test report available online at http://radhome.gsfc.nasa.gov [3] and at http://nepp.nasa.gov [4] describing in further detail the test method, conditions and monitored parameters, and test results. This section contains a summary of testing performed on a selection of featured parts.
A. AD620SQ/883B, Analog Devices, Operational Amplifier
The AD620SQ/883B is an instrumentation amplifier featuring high accuracy and low noise. A gain range from 1 to 10,000 is programmable with an external resistor.
Eight AD620SQ parts were irradiated for TID testing at 10 mrad(Si)/s to a total dose of 25 krad(Si). Four parts were biased during irradiation and four were unbiased with two parts reserved as controls. Input offset current increased beyond specification at 3.3 krad(Si). Positive input bias current exceeded specification after 5.4 krad(Si). Negative input bias current and both power supply rejection ratios (gain at 1 and 10) failed at 8.5 krad(Si). After irradiation, the parts were annealed at room temperature for a total of 212 hours. The DUTs were unbiased at the 25.5 and 47.3 hour annealing measurements then were biased for the 93.8 and 212.3 hour measurement times. All measurements returned to specification or near specification after the 212 hour annealing period. Fig. 1 shows the input offset current over dose step and annealing. Fig. 2 displays the gain error at gain equal to ten over dose step and annealing. 
B. OPB847, OPTEK Technology, Optical Switch
The OPB847 is a 110-V slotted optical switch with a gallium arsenide LED and silicon phototransistor. Ten parts were tested for displacement damage dose effects at Crocker Nuclear Laboratory at University of California at Davis (UCD-CNL). Five were biased and five were unbiased during irradiation, with two parts reserved as controls. On-state collector current (IcON) showed an immediate decrease after the first fluence step. This parameter exceeded the manufacturer's specification, consistently across all parts, at 2. 
C. ADF4252, Analog Devices, Frequency Synthesizer
The ADF4252 is a dual RF/IF frequency synthesizer for wireless receivers and transmitters, capable of multiplying or dividing an input reference signal to fully implement a phase-locked loop when paired with an external voltage controlled oscillator (VCO). The ADF4252 is programmed with an SPI-compatible serial interface which configures the on-chip mode registers. Fig. 4 shows a functional block diagram of the ADF4252. Fig. 4 . ADF4252 block diagram from datasheet. [5] Due to the small package size and external component requirements, each device was soldered to a customdesigned PCB (shown in Fig. 5 ) with a test circuit capable of measuring a typical set of performance and operational metrics. Ten identical test circuits are present on a single PCB, with individual power lines monitored via sense resistors. A total of twenty parts, with ten biased at nominal voltages and ten grounded, were irradiated at a rate of 10 mrad(Si)/s to a total dose of 100 krad(Si). The logical high and low voltages, main supply voltage current, and the charge pump supply current showed no appreciable degradation during irradiation.
Only degradation was seen during irradiation on the following parameters; quiescent supply current at 75 krad(Si) and charge pump supply current at 92 krad(Si).
Notably at 92 krad(Si), the charge pumps of the biased parts began to fail. By the 100 krad(Si) measurement, eight out of the ten biased DUTs were no longer functioning. Fig. 6 and 7 show the sudden current drop over dose of the biased devices. The IF-side N-divider output frequency remained constant over dose. This proved that the ADF4252 was still programmed and setup properly. The RF-side Ndivider output frequency also did not degrade during irradation as read on the MUX pin. However its amplitude was low and data fidelity was a recurring issue.
D. 2N5154, Microsemi, NPN Transistor
The 2N5154 NPN transistor was tested for TID response using the SMD-0.5 package. Ten parts were irradiated, five biased and five unbiased with two controls, up to 100 krad(Si) at a rate of 10mrad(Si)/s. All but one parameter stayed within specification during the entire irradiation. Forward current gain (hFE1) with a collector current of 50 mA, decreased below specification for all devices at 50 krad(Si). hFE2 decreased as dose level increased but did not go below specification. Fig. 8 shows delta 1/hFE1 over dose. This parameter was used to show how the DUTs changed over dose. Since the control parts were not from the same lot or in the same package as the irradiated parts, the delta 1/hFE1 parameter allowed for a better comparison. 
V. SUMMARY
We have presented data from recent TID tests on a variety of primarily commercial devices. It is the authors' recommendation that this data be used with caution due to many application/lot-specific issues. We also highly recommend that lot testing be performed on any suspect or commercial device. As in our past workshop compendia of GSFC test results, each DUT has a detailed test report available online describing in further detail, test method, TID conditions/parameters, test results, and graphs of data [3] .
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